studies using different types of fuel, notably bone and/or wood. Soil layers 23 affected by fire operation were compared with soils unaffected by heating 24 and soils impregnated with unburned bone fat. The carbon content, and 25 lipid and bulk organic matter (OM) composition were determined through 26 organic carbon measurement, gas chromatography-mass spectrometry (GC-27 MS), as well as TMAH-assisted pyrolysis coupled to With the exception of the wood-fueled fireplace, an increase in organic 29 carbon content was caused by fireplace operation. The products of 30 triacylglycerol degradation (diacids, oxo-acids, and glycerol derivatives) 31 reflected the contribution from animal fat affected by the oxidation process 32 with or without thermal alteration. The branched unsaturated C9:0 and C10:0 33 acids were detected only in py(TMAH)-GC-MS of soil impregnated with bone 34 fat that was not thermally altered. The branched diacids, ketones, lactones 35 detected in lipid extract, and short chain acids and n-alkane/n-alkene 36 doublets detected in py(TMAH-GC-MS), were produced by thermal 37 alteration of animal fat. Finally, in the fireplace fueled with wood only, 38 phenolic compounds, benzoic acids and benzene derivatives were detected 39 and reflected the contribution of charred and uncharred plant OM. 40
The results from lipid and bulk OM characterization permitted to advance 41 the organic signatures obtained as an experimental reference dataset 42 specifically for the identification of fuel type used in fireplaces. 43 44
Introduction 57
The use of fire by hominins is a classic field of study within the prehistoric 58 discipline history and has provided a suite of publications, debates, and 59 controversies since the 19 th century (see Roebroeks and Villa, 2011 For the 4 experiments, sampling was conducted following visual distinction of 194 layers (Fig. 1a) . Sampling first concerned the altered soil (Upper sub sample, 195 Table 1 ) but also the underlying and seemingly unaltered soil (Lower sub sample, 196 Table 1 ). The micro-local organic content was measured to test the significance of 197 (adapted from Quénéa et al., 2005) . The pyrolysis products were separated in the 241 GC system, where the temperature of the GC oven was held at 50 °C for 10 min, 242 before an increase at 2 °C/min to 310 °C. The ion source of the mass spectrometer 243 was at 220 °C, which was set to scan from m/z 35 to 800. The total ion current 244 (TIC) trace was recorded and products of pyrolysis identified using comparison 245 with published data (references thereafter in the text) and the mass spectral 246 NIST library. 247
Results and discussion 248

Macroscopic features and Corg variations 249
The Control displayed general features illustrative of the local soil type: a 250 homogenous sandy loam with numerous calcitic features and few organic macro-251 elements (Table 1 ). An expected low Corg (0.3%) was measured and was consistent 252
with that of the four lower subsamples (0.3 ± 0.1%) collected below each 253 experimental structures. This result validated the visual identification of fire-254 affected soil layers and supported the low soil variability needed to track 255 variables influenced by the experimental parameters. 256
On the contrary, most of the experiments led to an increase in the organic 257 content of upper subsamples (Table 1 ). In the Soil with bone OM, a 2 cm deep 258 impregnation of the sediment was observed on the surface (Fig. 1b) A superficial covering, consisting logically of a mix of wood and bone combustion 279 residue, capped the structure (Fig. 1d) . Vertically, the structure displayed a 1 to 280 2.5 cm deep reddening, whose first 1 cm was heavily influenced by the 281 combustion residues, leaving a darkened layer whose reddened nature was not 282 visible to the naked eye ( with the field observation of a lower input of bone OM due to 1) a lower quantity 286 of bone used as fuel and 2) the formation of wood embers that might have 287 prevented OM leakage into the soil by increasing the efficiency of combustion. 288
Local organic background 289
In accord with its low Corg, the Control did not present any detectable component 290 from py(TMAH)-GC-MS analysis. No phenol, lignin-derived components, or long 291 chain alkanes/alkenes and acids, traditionally seen in the pyrolysis products of 292 natural soil OM (Hempfling and Schulten, 1990) , were visible in the 293 archaeological soil layer. Lipids detected from GC-MS were diverse, yet present 294 in such low concentration as to render them negligible. The identification of such 295 a diversified lipid fraction was made possible through a higher concentration of 296 sample during preparation. The absence of a significant organic signal confirmed 297 its suitability as a control for the experiments that followed. 298
Sources of organic compounds 299
Non-diagnostic 300
The saturated n-acids from C6:0 to C18:0, dominated by C16:0 and C18:0, and 301 monomethylated acids, were ubiquitous in both lipid extracts and 302 thermochemolysis products (Figs. 2 and 3, Tables 2 and 3 The presence of squalene [24] , a precursor of numerous sterols, might have a 322 natural origin in the extract of the Control (Fig. 2a ) and the Wood fire ( Fig. 2e) . 323
However, it is also a broadly-used plasticizer, so in-situ or handling 324 contamination could not be totally dismissed (Evershed, 1993 origin. In the extract of the Control (Fig. 2a) and Wood fire (Fig. 2e) , the n-334 alkanes (C21, C29, C31 and C33) might be attributed to an plant epicuticular wax 335 origin (Spangenberg et al., 2014) , whereas n-alcohols longer than C17, and 336 saturated n-acids longer than C18, support the assignment of slightly altered 337 plant derived compounds (Evershed et (Fig. 2d ) and the Wood fire lipids (Fig. 2e) (Fig. 3c ) and the Wood fire (Fig. 3d) , as well 349 as naphthalene [10] in the extract of the Wood fire ( (Table 4) . 357
This result suggests that they likely come from carbonized wood residues. 358
Moreover the absence of odd C chain predominance in the alkane series in the 359
Wood fire extract ( context. Moreover, the functioning of the fire seems to induce an important 392 reduction of the number of recovered diagnostic compounds.
Thermally-altered bone OM 394
In the py(TMAH)-GC-MS TIC traces of the Bone fire ( Fig. 3b) and of the 395
Wood+bone fire (Fig. 3c) , the short chain n-alkane/n-alkene doublets could be 396 (Fig. 2b ) might be illustrative of this process. 412
The Bone fire and Wood+bone fire provide a signature specific to the use of bone 413 as fuel (Table 4) . It is characterized by markers of animal fat heating, resulting 414 from the melting and the burning of marrow initially contained in the bones. Yet, 415 it is noteworthy that, to our knowledge, the formation of short monomethyl 416 branched diacids (C4 to C10), short chain n-alcohols (< C17) and oxoacids is little 417 known in this context. 418
Archaeological implications 419
In order to apply this reference dataset to archaeological contexts, the recovery of 420 previously identified organic signatures has to be questioned. As stated by fire, 2) saturated n-acids longer than C18, benzoic acids, ketones, benzene 453 derivatives and n-alkane/n-alkene doublets for Wood and bone fire and 3) 454 saturated n-acids longer than C18, n-alkanes, benzoic acids, phenolic compoundsand benzene derivatives for Wood fire, whereas no compound is expected to 456 remain in Soil with bone OM (Table 4) . 457
Nevertheless, the relevance of recalcitrance alone to predict the residence time of 458 compounds has been widely discussed (Marschner et 
